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THE S7S!EEa£ 
SELBUITJM OZYCHLORIDE - BAHIUIC SULPHATE 



Intro duo tlon 

The present inyestlgatlon was started by the oorious 
appearanoe of a mixture of BaSO^ and SeOCls* In searohing for 
the explanation of this peculiar mixture t many other problems 
hare dereloped^ some of nhioh seem to direrge oonsiderably 
from the original question* These problems hare been only 
partly answered and this thesis is but an introduction to an 
interesting field of research* 
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Preparation of Materials 

Most of the work nas done with BaSO^, SrSO^t CaSO^, 
and SiOs, although about twenty other salts were also tried* 
Those whioh were prepared hj preoipitation were all made from 
both hot and oold solutions and all of them were sifted through 
100 mesh bolting eloth* 

BsSOa precipitated at 20^ ; 

This was precipitated from a 10^ solution of BaCls 
with sulphuric acid« When viewed under the microscope with 
a magnification of ISOO diameters » it appeared to consist of 
extremely fine equidimensional grains. It was so fine, in fact. 



that it would run through an ordinary filter. It was dried at 

100^ a] 

lumps* 



100 and sifted through 100 mesh bolting cloth to remore the 



BsSOa precipitated at 100^ ; 

This is the BaSO^ which was always used unless other- 
wise specified. It was prepared exactly as above, except that 
the precipitation was made from a boiling solution. The grains 
were much larger than those precipitated cold, and they did not 
run through a filter. 

BaSO^ precipitated at 0^ ; 

This material was finer than that precipitated at 20^. 
It ran through a filter more readily and the grains were barely 
discernible under a magnification of 1200 diameters. 
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12 3 
BeSOa by Blow dlffaalon ; 

The tube shovn in diagram I nas first used. 




Figure I 



Vigure II 



One limb m&B partly filled with a dilute BaCls solution and the 
other limb with dilute HsSO^, ittiile pure water separated the 
two. feathery crystals grew near the bend, and after sereral 
weelcs some of the feathers were an inoh long and indiridual 
Crystals were S or 4 mm. in diameter. The crystals had a bad 
habit of sliding down the side, however, so the tube shown in 
Figure II was adopted. 
BaSO^ from Ha SO a: 

Ordinary precipitated BaSO« was dissolred in boiling 
HsSO^ , in vdiieh it dissolved to about 10^. The HsSO^ was 

then boiled off, leaving crystals of BaSO« 
about 1 mm. in diameter. Figure III shows 
one of these crystals. 

Figure III 
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4 



Baritet 

Hatural barlte, groand to pass through 100 meeh 
holting oloth, ivas alec used* The barite nas lAilte and quite 
pure. 

CaSO^ : 

This Has prepared by heating gypsum to 250^ to drive 
out the ivater; by boiling off the H1BSO4 from a solution of 
OaSO^ in pure HgSO^; and by preoipitating CaSO^ from a 10^ 
CaCls solution^ both at room temperature and at boiling point » 
and then heating at 250^ to drive out the ivater. 

SrSO^ i 

This ivas preoipitated hot and oold» and orystallised 
from H^SO^ as in the ease of BaSO^ and OaSO^* Hatural oeles- 
tite ivas also used« 

3i0^ ; 

Pure quartz was ground and sifted through bolting 
oloth. 

Liquids ; 

The CCI4 was the xmpurified technical product. The 
kerosene was washed with fuming H£S04 several times to remove 
the unsaturated hydrocarbons » then rinsed with SeOCls and then 
with water t and dried with CaCls. This gave a product lOiich 
would turn only slightly yellow when shaken with SeOCle* Its 
specific gravity was •6867, so it probably averaged very near* 
ly heptane. The SeOOls was prepared by chlorinating a mixture 
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of SeOfi and S« and distilling the prodaot onoe from a retort 
and onoe in a Taoutun atlll* It probably oontained email 
amonntB of 3e0s*SHCl. The HeSO^ tias diluted and oontained 
62^ HfiSO^, as found by its apeolflo grarity. HSSO4 of this 
strength is immisoible with SeOClg. 
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Theories Whloh Might Bxplaln the Aotlon of Selenium 
Oxyohlorlde on Barlim Sulphate 

When SeOCls Is mixed with BaSO^ It forma a translu- 
oent» gammy mass, eo gelatinous In appearanoe that noted oollold 
ohemlBts hare, on Inspeotlon^ called It a gel* If It le a gel^ 
It la of the Inelastic non-rigid sort like A1(0H)«» rather than 
an elastic qulrerlng gel like agar*agar# 

There are aereral theories which might explain the 
action* Host gels are probahly emulsions » which consist of two 
liquid phases t Intimately mlxed^ so that they do not separate. 
The BaSO^ '^gel** might be of that nature » or the BaSO^ ml^t ab- 
sorb SeOCls^ with or without destruction of the crystal struc- 
ture* This Is an unusual Idea, of course, but not Impossible, 
for BaS04 might crystallize from water and then absorb SeOOl£, 
just as gelatin can be made to crystallize from alcohol and then 
absorb water* Furthermore, the crystalline zeolites can be 
dehydrated and made to absorb alcohol or amnonla without de- 
struction of the crystals* 

But on examining with a polarizing microscope the 
BaSO^ *'gel'* which. In this case, was made from barlte ground 
to 100 mesh. It was found to consist of crystals which had the 
same shape and size as before treatment with SeOCls* The 
optical properties, such as the Indices of refraction and the 
angle between the optic cuces, had not changed. In fact, there 
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has nerer been any indloation, with the mioroeoope or in the 
other woTlL deaorlbed below, that the particles of BaSO^ change 
their internal oondition* So the theories of emolsion and 
absorption seem untenable* 

It mi^t be thought that the surface of the BaSO^ is 
attacked so aa to become sticky* In this case the action should 
penetrate deeper and deeper if giren time enough, but the fact 
is, the gel is no different after it has stood for a year than 
when it has just been made* The sharp edges and corners seen 
xuider the microscope and the general lack of corrosion also argue 
against this theory* 

The remaining explanation, and the one which is in 
harmony with the experimental eridence, is that the action is 
one of cohesion and adhesion* Nothing was known about the ad- 
hesion between BaSO^ and SeOOl£, conrpared with other substances, 
so this was naturally the first thing to inrestigate* 
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8 
Theory of Sturfaoe Tenalon 

It l8 not north while in this thesle to go too deep- 
ly into the theory of eurfaoe tension* Zhere xoay never be an 
abrupt boundary between two phases t but those who have oarefally 

oonsidered this possibility hare oonoluded that the same surfaoe 

5 
tension effects would result in either case# Again^ it seems 

as though a repulsire force must be present to keep the mole- 
oules from being completely drawn together « and yet this repul- 
sire force is usually ignored and apparently without ill effects « 
Surface conditions are probably dynamic rather than static, but 
the dynamic treatment is exceedixigly compleXt whereas the static 
idea is relatively simple and its explanations and predictions 
are very satisfactory* So the following explanation, which is 
the usual one, is not intended to be more than a good approx- 
imation* 

Surface tension, then, is the result of unbalanced 
forces* A particle within a liquid is attracted equally in all 
directions by the surrounding particles, but one in a surface 
bounded by a vacuum has no attraction from above to balance the 
forces pulling it toward the interior* The result is that the 
surface has a tendency to contract, and this is what is meant 
by surface tension* It is measured by the force in dynes neces- 
sary to extend the surface when acting on opposite sides of an 
imaginary line in the surface 1 cm* long, or by the number of 
ergs necessary to extend the surface 1 sq* cm. 
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9 
Usually tbe sarfaoe Is not bounded by a vaouxun^ bat 
by another substanoe^ lOkloh nay hare oohesion or attraotion 
among its oun partloles and adhesion or attraction for the paro- 
tides of the bounding substance « How, cohesion and adhesion 
are entirely separate and specific properties, so that tuo 
substances may hare strong cohesion among their oun particles, 
but no adhesion toivard each other* In this case, the surface 
tension between the two liquids Is equal to the sum of the sur- 
face tensions of the two liquids by themselves* If, howeyer, 
there is attraction across the surface between the two kinds 
of particles, then the JQoroes urging the surface particles 
toward the interior are partly balanced and the surface tension 
is lowered* The stronger the adhesion the wealcer the surface 
tension* These cohesire and adheslTo forces are very great at 
insensible distances, but they fall off rapidly as the distance 
increases* Bdser has concluded that the forces are inyersely 
proportional to from the 6th to the 9th power of the distance* 
The work of Quinlce indicates that the extreme range of these 

forces is between ^ and 1 mm* 

1000 20000 
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10 
Surfaoe Tenalone between Solids and Llftuids 

The property lOiloh loay be InvolTed In these experi- 
ments is the wetting power or the adhesion of the liquid for 
the solid* This is the inverse of the surface tension of the 
liquid against the solid, as has bean shown* There seams to 
be no way of measuring such a surface tension* The nearest 
approach is a method of calculation employed by Hulett*" He 
thinks that the solubility of a solid in a liquid depends on 
the surface tension between the twD and that the surface ten- 
sion varies with the size of the particle when the particles 
are very small* So by measuring the difference in solubility 
between coarse and fine particles he calculated the surface 
tension between BaSO^ and HsOt and his figure is 5S0 ergs/sq*cm* 

Q 

Jamin tried the experiment of boring a hole in a piece 

of chalk, cementing a manometer in the hole and measuring the 

pressure obtained lOien the chalk was immersed in water* This 

pressure should depend on the wetting power of the water toward 

the chalk* 

Suppose figure IV represents the condition in one 

of the pores of the chalk* The 

three surface tensions are S^ or 

chalk/air, S or chalk/ water » and 
s 

Sg or water/air* The difference 
3i - Sg is the force which piais the water next to the wall into 
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11 



the pore* The rest of the fiater will stay behind If S3 Is 
less than [^ -Sg) and^ae pressure wlll^he dereloped. If S^ 
Is greater than (S^ * S.) then all of Xh.t water will follow 
that at the margin and the full pressure depending on the dif- 
ference 3^ - Sg miXl he obtained. She force urging the water 
into the pore is SfrrfS^ -Sg) where r is the radius of the 
pore, and this is balanced by the effect of the pressure which 
is rtrh. 

Z n r( S^ -Sg ) • 77 r% 
Sj - Sg - i rP 
The pressure is therefore dependent on the size of the pores, 
so the same calce of the solid must be used if oomparatiTe re- 
sults with various liquids are expected* It must be remem- 
bered that only the difference S-^ - Sg can be found by this 
method. 

A method idiich was used in this thesis is to notice 

the position of the meniscus of 
the interface between two immis- 
cible lipids against a rertical 
plate of the solid, as shown in 



^■MBMB^ mm ^■■■B* ^ ^m^m^ ^hbh^ * mtmm^^mmm ^ ^i^h 



Figure V 

Figure 7e When the menlBcus turns 

dovn the upper liquid must wet the solid more strongly, and 
when the menlBcue turns up the lower liquid must wet more 
strongly. 

By notlolng the shape of the meniscus between Tarious 
liquids against a rertical plate of barite the following order 
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12 



of wetting was obserredt 



Liquids used 

CCl^/HgO 

Keroeene/HgO 

£ero8ene/SeOClg 

£ero8ene/HgS04 

Se001s/HsS0« 

CCl^/HgSO* 

Keroeene/HgSO^ 



Preference for 
wetting as 
shown by meniscus 



Indefinite but E^O appears to wet laore strongly. 

« nifii nniT if 

SeOClg wets 

HeSO^ wets 

HfiSO^ wets 

HgSO^ wets 

HfiSO^ wets 



Of course this method gives only relatire and q:aalita- 

tire results. It shows for instance that SeOCls wets barlte 

more strongly than Icerosene does, but it does not tell how much 

more strongly. If, howerert an angle of contact exists between 

the meniscus and the solid wall, its measurement would gire the 

quant itatire difference in wetting power between the two 11 q* 

ulds against fiaSO^. When such an angle of contact exists, the 

forces must be balanced as shown in Figure VI, where a is the 

surface tension solid/upper liquid, b is 

the surface tension solid/lower liquid, £ 

is the surface tension upper liquid/lower 

liquid, u is the angle of contact, and o^ 

is the vertical component of o. Since the 
solid boundary is rigid, it is only the 

coBrponent of £ parallel to a and b which has any effect so 




Figure VI 
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13 
a s b -I* 0]_ 
or a B b -I* ooe u 
or a - b s ooa u 

So 9 alnoe £ oan be meaauredt (aee page I9^) the angle 
u glvea the dlfferenoe In wetting power between the two llqulda. 
Howerert when u la aerOt theae oonalderatlona are naeleaa and 
u ia aero when 

a <» b » 

7 

The oonduslona of Hnlett In&loate that aurfaoe ten-* 

alona between aollda and llqulda may be quite large t for 
Inatanoet 5£0 dynea/om. for BaS04/HsO# Thla allowa room for 
oonalderable differences between them^ and alnoe the aurfaee 
tenalona between the Tarlona llqulda used In these experiments 
hare been measured (see page 19,) and found to be Tory smallt It 
seems reasonable to expect the relation a«b « c to hold more 
often than not* At any rate^ measurement of the contact angle^ 
when It does exists Is a rery difficult problem, first becauae 
the angle only exists at the very point of contact of the three 
substancea and second because It Is so unstable and TarlablCt 
due partly to the delicate balance of forces necessco^y to pro« 
duce lt# SOt although some attempt was made to measure these 
angles of contact, It was given up aa being too extensive a 
problem for this thesis* 

Another method for determining relatlre wetting power 
Is by experiments In the preferential wetting and flotation of 



Digitized by 



Google 



Digitized by 



Google 




14 
fine partloles* When small partloles of a solid are ahak^ 
with two immiaoible liquids, ^ey are aure to touoh the inter- 
fiaoe* What hacppena then depends on the three sarfaoe tensions 
S^ or BaS04/lighter liquid, S« or BaSO«/heaTier liquid, and S^ 
or lighter liquid/hearier liquid. 
If 3. > S_ •«- S., the particle will be 

8 18 

oompletely wet by the upper liquid. 

If S > S. -I- S-* the lower liquid will 

Piffure YII 
wet the particle. If neither S^ nor S* 

is greater than the sum of the other two, then the partiole will 
stay in the interface and be wet by both liquids. 

Suppose the solid is hesTier than either liquid. If it 
is wet by the lower liquid it will settle to the bottom, but if 
it is wet by the upper liquid it will stay on the interface. 
This mi£^t happen in two ways. Xhe particles might adsorb a 
thick enough layer of the lighter liquid to lower the specific 
gravity of the combination below that of the lower liquid. The 
particle would than actually rise through the lower liquid and 
float at the interface. But in order to hare this possible 
the particles would have to be very smcLLl; for instance, con- 
sider the actual case of BaSO« shaken with SeOCls and 6S^ 
HsSO*. Bach solid particle (sp.gr. 4.5) would hare to hold 
onto 2. 33 times its volume of HgSO^ ( sp .gr. 1.5) in order to 
lower its specific gravity to that of SeOCl» (2.4). This 
volume would fozm a layer one-fourth as thick as the diameter 
of the particle. The layer would not be thicker than the 
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range of a&heslozit which is thox^ht to be between — — and 
, 1000 

mm«, 80 the partioles would have to be at leaet as 



EOOOO - 
email as -r^ nm* and probably nnioh aoialler^ 

Much coarser particles could be held on the interface , 
howerert if they were wet by the upper liquid^ Just as a greasy 
needle will float on water. When the tube is shaken^ the BaSO^ 
appears to be distributed throu^out the tube* but if it is wet 
by the upper liquid^ it is probably all on the upper liquid side 
of the complex interface ^ so that as the latter straightens out« 
the BaSO« is lifted to the top of the lower liquid^ not because 
it has risen throu^ the lower liquid^ for it was never in it^ 
but because it has never been able to break through the surface 
of the upper liquid. 

When both liquids wet the solid it will go into the 
interface and an emulsion is apt to resxdt. One of the liquids 
will form drops in the other liquid and these drops will be 
completely coated with the solid powder; in fact, it is this 

coating which keeps the drops from uniting. According to 

^ 9 

Pickering, the liquid which forms the drops must wet the solid 

less strongly than the other liquid. His explanation is that 

the outside of the layer of particles has a slightly greater 

area than the inside, and so, since the system is in most stable 

equilibrium when the surface energy is at a minimum, it will 

adjust itself so that the liquid having the lowest surface ten-* 

sion against the solid is on the outside. 
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16 



In these experiments on preferential wetting various 
pairs of immisoible liquids were used, such as CCl^-HeOt EgO* 
Eerosenet £erosene«Se001s, etc* 4 oo. of eaoh liquid of the 
pair to be used were put into an 18 mm. baoteriologioal test 
tube, about #S g. of the solid ground to 100 mesh was added, 
the test tube oorked and thoroughly shaken. When the liquids 
had completely separated the following results were noted: 



CClVHeO 



£erosene/HeO 



BaSO« 


SrSO* 


CaSO« 


SlOe 


la 


is 


is 


is 


wet b7 


wet by 


wet by 


wet by 



HaO 
(Some emolslon 
of CCl* in H,0) 



HaO 



Emoleion of* E^O 
IceroB.in HgO (Slight 
(SeHeO wets) emnlBion 

of ]cero8. 
in HsO) 



Kerosene/ SeOCls SeOCl^ 



SeOOl* 



HsO 



H,0* 



HfiO 



HgO 

(Slight (Slight 
smt* in amt* in 
interface) interfaoe) 



SeOCl. 



SeOCls 



Kerosene/ HgSO^ HsSO« 



He SO, 



HeSO« 



H»S04 



Se001e/HeS0« 



HsSO< 



H»S04 



H»SO, 



HsSO, 



CC1«/H»S0« 



HsSO< 



HsSO, 



H.SO, 



HsSO. 



* (These agree with Hofmann's research* see reference 10. 

!Fbe conclusion is that these liquids wet these four 
solids in the same order and that this order of preferential 

wetting is: 

Kerosene — »• SeOCle — *- HeSO^ 
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Kerosene \ ^ / H^SO^ 
CCI4 / ) HgO 

Inoreaeing preference for wetting » 

Since this preference for wetting has been determined 
with a pair of liquids in each case, these results do not apply 
to pure liquids, hut to saturated solutions of each liquid in 
the one against which it was used. These results agree with 
those found by the meniscus method described on page 12 • 

The fact that BaSO^ goes into the interface between 
kerosene and water and forms an emulsion of kerosene in water 
shows that the BaSO^ has a higher surface tension against kero- 
sene than against water, but that this surface tension BaSO^/ 
kerosene is not greater than the sum of the other two* When 
SeOClfi is added to the water, however, it lowers its surface 
tension agaizist BaSO^ until the surface tension kerosene/BaSO^ 
is greater than the sum of the other two. The solid should then 
be wet by the water containing the deoosoposition products of 
SeOCls in solution and the emulsion should be destroyed. This 
is actually found to be the case. The emulsion is stable until 
74^ of SeOClfi has been added, but when 75^ has been added, the 
emulsion is destroyed. Some dust still remains in the inter* 
face, but this gradually disappears as more SeOOl^ is added. 
Hofmann noticed this same tendency of some of the particles 
to stay in the interface when most of the solid had settled and 
his explanation is that the wetting was sli^tly influenced by 
the shape and size of the particles. 
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18 
Surface Tenelons between Liquids 

The meaeurement of surfaoe tensions between liquids 
Is a relatively simple matter compared wltli the surfaoe ten- 
sions between liquids and solids* The capillary rise method 
could be used If the upper part of the apparatus were flooded 
with the second liquid Instead of air. The weight of a drop of 
one liquid forming under the surface of another would also give 
the surface tension between them^ although this method has cer- 
tain difficulties. Ordlnarll7t the drops must form In the 
lighter liquid, but If the reverse Is desired, then the stalag- 
mometer tube must point up, so that the drops can rise from the 
tube. The diameter of the end of the tube must be less than 
the diameter of the smallest drops to be compared and If the 
tube Is cut off square at the dropping edge. It must be remem- 
bered that If the liquid of the drop wets the tube, then the 
drop will hang from the outer edge of the tube, but If the sur- 
rounding liquid wets the tube, then the drop will be suspended 
from the Inner edge, and only drops falling from the same edge 
can be compared. When the specific gravity of the two liquids 
Is nearly the same, this method does not give good results. 

The most satisfactory results were obtained wLth the 
Du Ifouy surface tension Instrument. These are given below. 
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Surface 
tension 


Stun of 

surface 

tensions 


Adhesion 


5g 


wetting 


OCl ♦/Water 29 


105 


76 




72 


Water /Kerosene 34 


102 


68 




66 


Kero8ene/SeOCl« 6 


86 


80 




95 


S«0C1»/H«S0« 4 


127 


122 




97 



The first columi gires the surface tension between the 
two liquids, as actually measured. The second column gives the 
sum of the surface tensions of the free liquids alone , as de« 
termined with the same instrument. This sum would he the maxi- 
mum surface tension between the two liquids if they showed zero 
adhesion toward each other. The third column gires the adhesion 
between the liquids as determined by subtractizig column 1 from 
column Z. This is justified by considering that the adhesion, 
or the number of ergs of work necessary to separate the two 
liquids, is equal to the sum of the surface energies resulting 
minus the surface energy already present; namely, the surface 
tension of the interface. 

Column 4 gives the **percent of wetting" found by diyid- 
ing the actual adhesion by the adhesion necessary to maJce the 
surface tension ranish, which could be called perfect wetting. 
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Three Phase SysteniB 

One of the reanlts of the work with Immleolble liquids 
was the dlsooTery of several new three phase ^sterns* After 
oil and water hare been shaken together, they will separate 
again into two layers with the oil on top and the water on the 
bottom, but it is not easy to find a third liquid whioh will 
form a permanent third layer and not dissolve in either the oil 
or the water when the tube is shaken* It was found, however, 
that the three liquids kerosene, SeOClg and 63^ HgSO^ form Just 
suoh a system, for these three liquids may be shaken together 
and they will always separate into three layers, with kerosene 
on top, EibSO^ in the middle, and SeOGlg on the bottom* 

A drop of SeOClfi always adheres to the bottom of the 

kerosene and assumes the shape 
a 

^ !!|4^ r shown in Figure VIII • The sur- 

c face tensions must be in equi-* 

V^/ Figure VIII 
^"^ librium, so that the surface 

tensions ^/b, ^/o^ and ^/c must bear the relation 

^/c * Vb ^^^ ^ '^ Vo ^^^ ^^ 
Since the angles u and t can be seen to be very small, it is 

nearly true that 

Vc - Vb ♦ Vc 

The Talues corresponding to these interfaces, as found with the 
Du Nouy instrument, are 15-6-4 respeotirely, so that these 
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figures must hare an error of at least 25^ if the drop ie 
illustrated oorrectly* fhe alternatire explanation is that the 
edge of the drop has really been extended over all of the inter- 
face, a/^t &s a thin film. 

Another three phase system may be had with kerosene, 
SeOClst cmd 66^ HtPO^, and the fact that OCl^ is immiscible 
with SeOa^SHCl suggested two more systems, namely, 

CCl4t Se0s*2HCl, 63^ HsSO^ and 
CCI4, Se0s«2HCl, 86% H«F04« 

When HoQt is added to an equal amount of SeOCls and 
allowed to stand for sereral months, tiK) immiscible liquids, 
whose conqposition has not been determined, are finally foirmed* 
Heptane is immiscible with these two liquids; this then gives 
another three phase system. 
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Relation of Surface Tension to Oonsistenoy of 
Solld-Llquld Mlxtnree 

If the theory explaining the oonslstency of the BaSO^ 
"gel** on the grounds of surface tension or wetting power Is 
correct. It seems as though EeSO^ should oalce a better '^gel" 
than the SeOClg does. In order to compare SeOCle with other 
liquids, the characteristics of the BaSO^ gel and otiier mix- 
tures should he noted. In order to make conditions coinparable 
six sealed tubes were prepared, each containing S grams of BaSO^ 
and lOcc. of one of the following liquids: CCI4, HeO, Kerosene, 
SeOCle, KeSO^,, and SeOCle saturated with 63^ EsSO^. The tubes 
were shalcen thoroughly and allowed to stand for several days. 
The result was very marked. The tubes with CCI4 and Kerosene 
were alike and the tubes with SeOClg and HsSO« were alike, while 
the tubes with water and SeOCle saturated with 63% HeSO* were 
Intermediate In all their properties. The following table shows 
the difference In effect: 



BaSO« with Kerosene BaSO* with SeOClg 

or CCI4 or He SO 4 

1. Tloocizlates coherent masses. 1. Peflocculates Into Its 

smallest grains. These 
grains remain quite 
apart from each other. 

2. Settles rapidly (probably 2. Settles slowly and 

because it has flocculated). smoothly. 

3. Stays loose; does not pack 3. Settles to 1/3 the vol- 

down. ume of that in CCI4 

or Kerosene. 
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Table (oontlnued) 



BaSO^ with Kerosene 
or CCI4 



BaS04 mth SeOCl* 
or E«S04 



4. CmmbleB when disturbed. 



4. Stays together as a 
smooth or earn. 



In all these respects HsSO« seems to prodace exactly 
the same results as SeOCls, and yet th.e ^SO^ mixture does not 
look at all gelatinous* It looks idiite and chalky, as do all 
the other mixtures except the ones with SeOCle* The esrplanation 
is evidently found in the indices of refraction, for BaSO^ and 
SeOCls have nearly equal indices— >(1* 65 for SeOClg and about 
1.64 for BaSO^}. 

There still remains, however, the striking differenoe 
in the consistency of these various mixtures. This differenoe 
does not depend on viscosity nor specific gravity, as the fol- 
lowing table shows: 



GOI4, Kerosene 



Depth in cm. 

after settling 7.6 7.5 



SoOGIe HsO 
sat. with 
He SO 4 



5.8 



SeOCl, HsSO« 



1.8 



1.8 



Surface ten. 



33 



30 



61 



78 



56 



71 



Sp. Gr. 



1.5 



• 68 



2.4 



2.4 



1.5 



Viscosity 



.9 



1.5 



5.7 



5.2 18.8 
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24 
The surfaoe tension of the llqaids eeems to bear some 
relation to the oonsletenoyt but It mast be remembered that 
these figures are the surfaoe tensions against alr^ whereas It 
Is the surfaoe tension of the liquid against the solid which 
should be Inyolyed, and this Is found to be true* 

When the consistency of these various mixtures, as 
expressed by their degree of settling, flocoulatlon, etc.. Is 
compared with all the relatlTe solld/llquld surface tensions of 
these liquids which can be determined. It Is seen that there Is 
perfect agreement. 

It Is most probable, then, that SeOOl£ and BaSO^ form 
a simple mixture whose consistency Is controlled by the same 
factors which determine the nature of a mixture of BaSO^ and 
kerosene. It Is evident, however, that when an Insoluble pow- 
der Is mixed with a liquid, the consistency of the mixture Is 
characteristic and specific, Just as a compound, resulting from 
chemical union. Is characteristic « Coarse mixtures seem to 
grade Into solutions and It Is hard to draw the line between 
gels and mixtures. There are many examples of the specific na- 
ture of llquld-solld mixtures. Oraphlte forms a plastic mass 
with 94.5^ HftO, but with more water, or less. It crumbles. 
Moulding sand acts the same way. This Is not always merely a 
matter of size or shape of ihe grains; for Instance, bentenlte 
Is a day-like mineral, uhlch absorbs 3 times Its weight of 
water to form a smooth stiff paste, whereas half as much CCI4 
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(which has ahout the same TisooBlty) forms a thin suspension, 
from whioh the hentenite settles like so mnch sand* 
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Ciroulatian of Liquids in Solid Powders 

The z*ate of flow of liquids through BaSO^ was InTes-* 
tlgated in connection with the experiments on the depth of 
settlingt Glass tubes were closed at the lower end, except for 
a very sioall hole, and half filled with BaSO^* Care was taken 
that the powder was packed to the same degree in all the tubes* 
Then the time which each liquid required in order to soak to the 
bottom of the tube was obseryed. It was found that the liquids 
with a relatively low surface tension against BaSO^^ namely^ EgOt 
HgSO^t and SeOClg, soaked through Yery slowly and packed the 
powder down to about 3/4 of its former volume* It was probably 
this packing fbioh hindered the circulation. 

Kerosene and CCI4, on the other hand, lAiich had rela- 
tlTely hlg^ surface tensions against BaSO^, ran throu^ quite 
rapidly and did not pack the BaSO^ at all* 
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Aotion of Selenium Oxyohlorlde on 
Yarloxus Inaoluble Subetanoee 



While mlzturee of SeOCls with BaS04 reoelved the most 
attention, various other euhstanoes were also inyestigated* A 
hrief deaoription of mixtures of SeOCle with the following suh- 
Btanoes is giren here: 

AgCl •<• White, opaque, oonsistenoy of sand and water. 

Ba^e « White, opaque, ohalky. 

HtBOs - Watery looking and orumbling; H«BOb floats. 

PbSiOt " More oreemy than those above, like a mixture 
of BaSO« and water, opaque. 

PbUoO« - Sane as PbSlO^* 

PbWO« * Same as PbSiOt. 

PbSO^ - Same aa PbSiO*. 

Olass - A fine grained suspension, does not floooulate, 
looks watery. 

BiOCl - Quite smooth but very white and opaque. 

BaW04 - Same as PbSiQt. 

Ba0iOe " Stone as PbSiQ» but more translucent. 

Cryolite - Same as PbSiQ». 

Wollastonite - Same as BaSiQ» • 

fluorite - Same as PhSiO^. 

BaB^Oijr - fairly translucent and very gelatinous. 

Celestite - Quite gelatinous and very translucent with 

green and orange opalescence. Besembles the 
most striking mixtures of barite with SeOOls* 

CaSO^ - All varieties - fairly translucent smooth 
suspensions, no flocoulation. 
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Ignited BasfPO^)^ and Srs(PO«)£ gara chal^, orombly^ 
mlzturee with SeOClg^ nhereaa preolpltated BasfPO^Je and 
SrsfPO^)^^ lOiloli had not been ignited^ absorbed three tlmea as 
maoh SeOCle and formed mixtures with a gelatinous appearance* 
This was a pussle until It was dlscoTered that the preolpltated 
salts oontalned one molecule of water. This water reacts with 
SeOClfi forming HCl^ fblch liberates phosphoric acid from the 
phosphate. This phosphoric acid dissolves In the SeOCle and 
produces the effect described^ because If SeOCl^ contains a 
fraction of one percent of either EgSO^ or B^PO^t three times 
as much Is absorbed by Bat(PO«)fi or BaSO^ as of pure SeOCl^. 
If a drop of water Is added to a mixture of SeOCle with Ignited 
BasfPO^)^ or Srs(PO«)0» It becomes thick and gelatinous like 
the mixtures with the unlgnlted phosphates. 

It Is not as easy to explain the different effects pro- 
duced with the rarlous kinds of BaSO«^ whose preparation was 
described at the beginning of this paper. All of these sub* 
stances were washed yery carefully and sifted through 100 mesh 
bolting cloth. 

Barlte These substances all 

Barlte Ignited formed smooth gelatinous « trans- 

BaSO« ppt. at 100^ lucent mixtures which showed 
BaSO« ppt. at 0^ orange and green opalescence. 



BaSO^ grown In large crys- The solid phase de- 

tals by slow diffusion. 

flocculates and settles 
BaSO« crystallized from 

boiling HbSO^ slowly and smoothly. 
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BaSO« ppt. at 100^ and Ignited 

BaSO^ ppt« at 20^ 

BaSO« ppt. at 20^ and ignited 



iPhese substanoes all 
formed mig^turea whioh 
were more olialky, crtunbly, 
and opaque than tlioBe above • 



This strange difference in bebarior has been checked 
again and again, but no explanation is offered* It bears some 
analogy to the fact that heating infusorial earth to 600^ C 
destroys its absorptiye power. 
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True gels of Barium Sulphate, Strontlxun Siilphata, 
and Oalolmn Sulpha ta 

Vhlle It la hardly Juetlflahle to oall ariy of the 
mlzturee noade from BaSO« and SeOCle gels, still It has been 
posslhle to produoe a really gelatinous preolpltate of Ba304 
by mixing a solution of BaClg In SeOCl^ with a solution of 
EgSO« In SeOCle* If the solutions are more oonoentrated than 
2^» the preolpltate Is granular but If the solutions are more 
dilute, then the precipitate Is gelatinous, Yolumlnous, and 
translucent, and loolcs exactly like a precipitate of A1(0H}3* 
Similar gels of CaSO^ and SrSO^ may be made by a similar 
method* 
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Aotion of a Seeond Immleolble Liquid on a 
LlQUld^Solld MlxtTxre 

If the oonsletenoy and optloal properties of a mixture 
of BaSO« and SeOCle depend on the fact that the BaSO« partlolea 
are wet with SeOCl£« then when a very small amount of H^SO^ la 
added^ It should coat eaoh partlole (slnoe H^SO^ wets BaSO^ 
more strongly than SeOCle) and glre a new character to the mix- 
ture # This Is actually found to he the case. If a few drops 
of E|gSO« are shalcen Into a mixture of 100 mesh BaSO^ and SeOCle* 
the waxy appearance Is destroyed and the mixture becomes chalky. 
If one of the true BaSO« gsls» made by precipitating BaSO^ In 
SeOClfi^ Is shaken with a few drops of "H^SO^, the BaSO« coagu- 
lates Into about 1/10 Its Tolume and becomes chalky white* The 
SrSO« and OaSO^ gels wet the same way. Kerosene » however, has 
no effect whatever on these gels* After they hare been thor- 
oughly shaken with kerosene* the latter rises to the top and 
the gels are Just as they were before. This Is perfectly In 
accord with the obserTatlons already made that kerosene does 
not wet BaSO^ In preference to SeOCl^. Possibly this principle 
could be applied In the coagulation of a gel like Al(OH)s, If 
a liquid could be found which was Immiscible with water and 
which wet Al(OE)s more strongly than water does. 
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Aotlon of a Seoond Mleolble LlgtiicL on a 
Liquid^Solld Mixture 

It le Intereetlng to note that idien BaSO^ le mixed 
with Bolutiona of CC1« In SeOCl^^ In whloh the proportion of 
CC1« la gradtuBiXly Inor eased, the oone latency gradually ohangea 
from that oharaot eristic of a SeOClg mixture to that of a pure 
CCI4 mixture. The translucent, waxy appearance also gradually 
disappears. With solutions of SeOCl^ in mter the consistency 
again shows a gradual change. The translucency remains, howerer, 
as the proportion of nater is Increased to about 10^, after 
which the translucency soon disappears. This heharior agrees 
with the change in the index of refraction of SeOOle/HeO solu- 
tions, for the index decreases slowly until 10^ H^O has been 
added (which is the amount necessary to form SeOgSHCl), after 
which it decreases much more rapidly. Perfect transparency 
could hardly be expected in any case, for the dispersions, as 
well as the indices of refraction, of the two media would hare 
to be exactly the same and this is impossible, because these 
properties are different in different directions in a BaSO« 
crystal. 
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Possible Methods of Separating BarlTim from Badiiajn 

Zt ie possible that the prinoiples of preferential 
wetting discussed in this thesis oould be applied to the sepa- 
ration of BaSO« from other substanoes, especially RaSO«# CaSO«« 
SrSO«, and BaSO« are all wet more strongly by water than by 
kerosene « but this difference in wetting power is much greater 
in the case of CaSO^ than in the case of BaSO«« The latter goes 
completely into the interface and foxms an emulsion, nhereas 
SeSO« and CaSO« settle mostly to the bottom and leare only a 
small amount in the interface # This should afford a partial 
separation of BaSO« from SrSO^ or CaSO«. RaSO^, to be consist* 
entt should either go into the interface or into the kerosene, 
but in neither case would it separate from BaSO^* However, 
since it is known that the presence of 10$ SeOCl^ in the water 
causes all of the CaSO« and SrSO^ to settle to the bottom and 
leave none in the interface, whereas BaSO« still remains com- 
pletely in the interface, to form a stable emulsion, it seems 
quite reasonable to belieye that 85^ of SeOOl^ in the water 
might leare RaSO^ completely in the interface, although BaSO^ 
would be thrown out of the interface and to the bottom by this 
proportion of SeOCl^^ 

Again, it is Icnown that BaSO^ forms as a granular pre«* 
cipitate when solutions of BaCle and HeSO^ in SeOCle are mixed, 
proTiding the concentrations are over 2^, but the BaSO^ forms 
as a Tory Toluminous gel if the concentrations are less than S^« 
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It might ^e possible to ohooee a conoentratlon such that when 
BaSO« and BaS04 are preoipltated together, one would be a gran- 
ular precipitate and the other a gel# 

It has already been indicated (Page i^) that if BaSO« 
particles are fine enough they should adsorb enough HgSO^ to 
float them in SeOOls* Since RaSO^ is less soluble in water 
than BaSO^, it would probably form finer crystals than BaS04« 
This is undesirable, because BaSO^ is the heayier salt# It 
would be better to choose some acid radical of fbich the Ba 
salt is less soluble than the Ba salt. Shen the Ba salt would 
be finer and lighter and it might adsorb enough HeSO^ to float 
when the Ba salt would not* 
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1* Large crystals of BaS04 have been made by the 
slow dlfftislon of dilute solutions of BaCls azKl HgSO^ into 
pure mtter^ and large crystals of BaS049 SrSO^* and OaSO^ have 
been made by dissolving these salts In hot HgS04 and then boil- 
ing anay the solrent. 

2« The relative surface tensions between various 
liquids and solids have been determined by the preferential 
wetting of fine particles of the solid and by the position of 
the meniscus between two liquids against a vertical plate of 
the solid. The results by these two methods have been foxuid 
to agree. 

Z. Surface tensions between various liquids have been 
measiured and an atteiBpt has been made to express the adhesion 
between them. The surface tensions between liquids have been 
foimd to be very low. 

4. In connection with the work with immiscible 
liquids t five new three phase systems have been discovered. 

5. The action of SeOCle on a number of insoluble 
salts has been investigated and all sorts of mixtures have 
been obtained. Some of them were gammy and translucent like 
a BaS04 mixture while others were powdery and* crumbling. 

6. True gels ef BaS04t BrBO^^ and CaS04 have been 
prepared by adding a dilute solution of HbS04 in SeOCls to a 
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dilute solution of tb* oblorlde of the metal In SeOClg. 

7. Wh«i a few drops of HcSO« were added to a mixture 
of BaSO^ and SeOCle it was found l^at the EeS04 dleplaoed the 
other liquid from the eurfaoe of the BaSO« and changed the ohar- 
aoter of the mixture entirely. Kerosene, howerer, had no effect 
on the mixture, eridently because it does not wet BaSO« in 
preference to SeOCX». 

8« She effect of a second miscible liquid on a BaSOv 
SeOCle mixture is to cheuige the character of the mixture 
continuously as the amount of the second liquid is increased 
so that the consistency approaches that of a mixture of BaSO« 
with the second liquid. 
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OonoluBlona 



1* Although a mixture of BaSO« in SeOCle looks like 
a gel, it has been shown that this is only an appearance caused 
hy purely physical properties. ' The translucency is due to 
nearly equal indices of refraction and the gu&my consistency 
is a surface effect* 

£• The SeOClg has no chemical action on BaSO^; it 
does not penetrate the solid nor corrode its surface; further** 
morct the BaS04 does not dissolve in the SeOCle in any amount 
lOiich has been detected. 

3. It is concluded that the character of a BaSO^* 
SeOOla mixture depends on the same physical properties as 
those which determine the consistency of other solid-liquid 
mixtures* In particular* it has been shown that there is close 
agreement between the surface tension of BaSO^ against a liquid 
and the consistency of a mixture of the two as expressed by 
the degree of settling, flocculation, coherence, etc* 
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